then it should fall when rats are upside down and head direction cell signals are lost. If navigation exemplifies a broader set of memory computations, then the loss of head direction cell signals should spare non-spatial relational memory.
Here is the first sleight: tricking flies into showing that they have a visually-guided working memory. Evidence for this type of memory can be seen in individual flies in the so-called disappearing landmark paradigm. In this test, a single fly is put in a circular arena, about the size of an end table, which is lined with LED lights controlled by a computer [2] . If the arena is uniformly lit, the fly will walk around in random directions [2, 3] . If, however, two vertical dark bars are placed at 180 degrees from each other, then the fly starts to walk back and forth between the two landmarks. A fly will walk between the landmarks in this modification of the Buridan Paradigm for hours, approaching first one landmark then turning around and going to the other [2, 4] ( Figure 1A) . Now, if a distracting landmark appears on the surface of the arena, a fly will orient toward the new stripe ( Figure 1B ). When the distracting landmark and the original target are then removed, analogous to walking down into the ravine, a fly will re-orient toward the original, but now absent target. Flies will go back to the original target if the distractor is present for less than four seconds, suggesting that a seconds-long working memory allows a fly to re-orient toward a disappeared landmark ( Figure 1C ).
How does a fly form this visual working memory? A first clue to the neural mechanism for this type of memory came from a mutant fly type that had a grossly misformed part of the brain. A mutation that alters the structure of the ellipsoid body, called ellipsoid body open (ebo), has provided ideas about multiple behaviors, including premotor behaviors (for example [5, 6] ). Among the abnormal behaviors of the mutant flies is a clear defect in visually guided working memory [2] . What is surprising, however, is that although the ebo gene is acting in the ellipsoid body (more on this brain structure next), its critical role in working memory is independent of the structural change in this brain structure seen in the mutant flies [1] . It turns out that the structural change in the ellipsoid body of the ebo mutant brain, which suggested a function for the ebo gene in maintaining a normal neural structure for this working memory ( Figure 1D ), was a false lead. But nevertheless, the new work [1] has revealed a novel mechanism for ebo function in behavior, providing insights into how a brain structure can function in visual working memory.
The Drosophila central brain has on the order of a hundred thousand neurons, many of which can be recognized in organized neural structures [7] . In addition to the mushroom bodies, a part of the fruit fly brain most commonly associated with olfactory memory, the central complex is a readily recognized core part of the brain [7] [8] [9] . The central complex is composed of four parts: the ellipsoid body, the fan-shaped body, the protocerebral bridge and the noduli. These structures are connected to each other and other parts of the brain via large-field neurons, suggesting that the central complex has some level of integrated function. Important in understanding the new results, the ellipsoid body is a ring-like structure, where the ring is formed by the dendritic arborization of a set of neurons called Ring (R) neurons, roughly divided into the R1-R4 neurons [10] .
So, ebo mutant flies have a defective visually-guided working memory. What are the genetic and cellular bases for this deficit? The ebo gene has been shown to encode a nuclear export receptor protein called exportin 6 [1] . A key feature of exportin 6 proteins is that they regulate the translocation of actin-profilin complexes from the nucleus to the cytoplasm [11] . When examined, the ebo mutant flies had a higher level of actin in the nuclei of multiple cell types, including the R-neurons of the ellipsoid body. Remarkably, expression of exportin 6 in any of the R neuron types in otherwise ebo mutant flies restored the visual working memory to normal levels. That is, ebo mutant flies were shown to have a defective visual working memory; then 24 hours later with induction of expression of a normal version of the ebo gene in R neurons, the same flies had a normal memory. When the brains of the behaviorally rescued flies were examined, the gross structure of the ellipsoid body was found to be either normal or still aberrant. Thus, the structural abnormality of the ebo flies' ellipsoid bodies is dissociated from the behavioral deficit, suggesting that a non-structural mechanism must be involved in ebo/exportin 6 regulation of visual working memory.
It has been shown previously that accumulation of actin in the nucleus can interfere with transcriptional activity of the transcription regulator Serum Response Factor (SRF) by forming a complex with Myocardin-Related Transcription Factor (MTRF) [12] . Moreover, SRF in mice and flies is important in consolidating memories in the tens of minutes to days range [13, 14] . Whether or not the Drosophila ortholog of SRF (dSRF), encoded by a gene termed blistered (bs), plays a role in visual working memory was tested [1] , and the bs mutant flies showed a severe deficit in a working memory. Additionally, as with the ebo mutants, it was possible to rescue the seconds-long memory defect of bs mutants by expressing the wild-type dSRF in any of the ellipsoid body R neurons. Consistent with this type of memory mechanism being independent of a structural change in the brain, the bs mutant flies have a normal ellipsoid body.
Finally, a genetic interaction between mutations of the ebo and MRTF genes was tested [1] . Double heterozygous mutant flies for these genes were found to have reduced visual working memory. Again, these double mutants had normal looking ellipsoid bodies. Thus, the ebo/exportin 6 gene led to the discovery that dSRF and MRTF gene products are also important for a seconds-long working memory.
The discovery that the ebo/exportin 6 and dSRF proteins function in redundant sets of R-neurons in the ellipsoid body for a visual working memory suggests that the R-neurons provide a competence factor that allows the ellipsoid body to function correctly ( Figure 1E ,F) [1] . The discovery of a redundant sufficient action of ebo/exportin 6 and dSRF in different sets of neurons for a behavior is a rare finding, and suggests that the typical search for cell-autonomous gene action for behaviors only provides a part of the story for how the brain works. Identification of the competence factor will be of high interest in determining how neurons within a structure can make the whole structure functionally normal. That the ebo/exportin 6, dSRF, and MRTF signaling cassette is important for a seconds-long visual working memory is also of note. Previous studies in mouse and fly had shown that these gene products are critical for memory in a much longer time domain [13, 14] . Although there are only a few examples so far, it may become more common that the time domain in which a gene acts depends on the behavioral test under investigation (for example [1, 15, 16] ).
Finally, the discovery of the ebo/exportin 6 signaling mechanism should be reconciled with the other known signaling mechanisms in visual working memory. An S6 kinase II (S6KII) and a cGMP-dependent protein kinase (PKG) have been shown previously to work in R-neurons of the ellipsoid body for a visual working memory [2, 17] . Do the S6KII and PKG signals influence exportin 6 activity, or other components of this pathway? Or, could the postulated competence factor be acting on these kinase signals?
Regardless of the open questions, the discovery of ebo/exportin 6, dSRF, and MRTF mechanisms of influencing a visual working memory will change our understanding of working memory mechanisms, timing properties for signaling cascades in behavior, and the organizational features of brain structures. 
Gastrulation: Cell Polarity Comes Full Circle
The bending and internalization of tissues during embryonic development is a conserved process driven by dramatic cell-shape changes. A recent study details the molecules required for mesoderm internalization in Drosophila and their unique spatial localization pattern.
Miranda V. Hunter 1 and Rodrigo Fernandez-Gonzalez 1,2,3, * Embryonic development requires positioning and organization of precursor cells as a function of the tissues that they will generate. For example, skin precursors must be close to the surface of the embryo, whereas cells that form muscles must be inside the embryo. This organization is accomplished through the process of gastrulation, in which the three germ layers are specified and spatially segregated. In vertebrates and invertebrates, gastrulation is often the result of tissue bending and subsequent internalization. Tissue bending can be mediated by apical constriction, in which the apices or outward-facing surfaces of the cells contract, the cells become wedge-shaped, and the tissue buckles [1] . A recent paper in Nature Cell Biology by Mason et al. [2] examines mesoderm internalization in Drosophila embryos, and finds a complex relationship between cytoskeletal networks and adherens junctions, which localize to complementary spatial domains on the apical surface of the cells to stabilize cell shape during apical constriction.
In Drosophila, gastrulation occurs by internalization of mesodermal precursor cells along the ventral midline of the embryo, an area known as the ventral furrow [3] . Ventral furrow cells constrict apically under the influence of a cytoskeletal network that spans the apical surface of the cells and is composed of actin and the
